HI- 


o 


o 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 




(u) Publication number : 0 473 299 A2 


@ 


EUROPEAN PATENT APPLICATION 


@ Application number: 91307201.3 
(22) Date of filing : 06.08.91 


@ Int. CI. 6 : H03F3/19 


(30) Priority : 30.08.90 US 574867 

(43) Date of publication of application : 
04.03.92 Bulletin 92/10 


(S) Designated Contracting States : 
DE FR GB IT 

(n) Applicant : Hughes Aircraft Company 
7200 Hughes Terrace P.O. Box 45066 
Los Angeles, California 90045-0066 (US) 


© Inventor : Crampton, David L 
4700 Clair Del, No. 544 
Long Beach, California 90807 (US) 
Inventor : Berman, Arnold l_ 
714 Claymont Drive 
Los Angeles, California 90049 (US) 
Inventor : Davis, Joseph E. 
910 N. Prospect Avenue 
Redondo Beach, California 90278 (US) 

(74) Representative : Colgan, Stephen James et al 
CARPMAELS & RANSFORD 43 Bloomsbury 
Square 

London WC1A 2RA (GB) 


CM 
CO 


Q. 

ill 


@ Solid state power amplifier with dynamically adjusted operating point 

(57) RF power is sampled and measured at the input and output of a solid state power amplifier using 
directional couplers and matched square law detectors. Outputs from the detectors are applied to 
differential inputs of a DC operational amplifier. Outputs from the detectors are compared and filtered in 
the operational amplifier and the resulting difference signal is applied to a control input on a switching 
type power supply. The power supply converts a DC input voltage to the various positive and negative 
voltages required to operate the RF devices in the solid state power amplifier. When the control loop is 
closed, the supply voltage varies to maintain a constant operating point resulting in constant gain, 
efficiency, and linearity for the overall solid state power amplifier despite variations in signal levels and 
signal composition. In another embodiment, the solid state power amplifier has a series of single-ended 
low power amplifiers terminating in an output high power module. In the output module, one medium 
power device acts as a driver stage for four high power devices connected in parallel. The output stages 
are hybrid coupled, and isolators before and after these hybrid coupled output stages isolate the driver 
from the final amplifiers and protect the output devices from reflected signals. A dynamically controlled 
PIN diode variable attenuator at the amplifier input allows the operating point of the amplifier to be 
selected and adjusted while the closed loop function is in operation. A hybrid matrix power amplifier 
system is also disclosed. 
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BACKGROUND 

The present invention relates to solid state power 
amplifier circuits for use in communication satellites 
and other RF microwave power amplifier applications. 

Solid state power amplifiers may use either bi- 
polar or field effect transistors. A solid state power 
amplifier exhibits gain compression if the desired out- 
put waveform requirement exceeds the available 
drain supply voltage. To obtain optimal operating effi- 
ciency, solid state power amplifiers are typically oper- 
ated at a moderately compressed operating point, 
while still maintaining acceptable linearity. With fixed 
DC bias, a reduction in efficiency and an increase in 
power gain results when the input RF signal level is 
reduced below that required to obtain compressed 
operation. Since the output devices are biased with 
both RF and DC voltages, the operating point of the 
amplifier is determined by a combination of these vol- 
tages. 

Similarly, for an increase in input signal level 
there is an associated increase in output power and 
a corresponding decrease in gain as the amplifier is 
driven further into compress ton. In multicarrier sys- 
tems, these changes in operating point, with the cor- 
responding changes in gain, linearity and efficiency 
may have profound effects on the system operation. 
In particular, this compression characteristic deg- 
rades the performance of systems, where the power 
gains of a matched group of asymmetrically driven 
solid state power amplifiers must remain matched. 
One such example is a multibeam phased array trans- 
mit antenna, where each element in the array is driven 
by a separate solid state power amplifier. Since output 
power to the elements is not uniformly distributed to 
form a particular beam, the power loading in the solid 
state power amplifiers associated with a beam driven 
at a high power level unbalances the gains of other 
solid state power amplifiers associated with other 
beams driven at lower power levels. This interaction 
results in decreased isolation between beams. 

Messerschmitt-Boelkow-Blohm (MBB) developed 
an amplifier called the PAMELA (Power Amplifier 
Module for highly Efficient and highly Linear Appli- 
cations) to overcome the above-described problems. 
The PAMELA is described in Product Note, 4/89 - 
SSPA 2 published by MBB Space Systems Group, 
Communications Systems Dept., and entitled: 
"PAMELA, Highly Linear, Highly Efficient Solid State 
Power Ampliers for the Mobile Satellite Service". In 
the PAMELA, the operating point of the amplifier is 
dynamically controlled by its load impedance. Load 
variation is controlled by three or more individual 
amplifiers operating through impedance inverters into 
a common fixed load. Drive-level-sensitive diode 
phase shifters are used to adjust the combining 
phases of the individual amplifiers. The resulting im- 
pedance match as seen at each amplifier output is a- 


function of power level. The resulting operating bias 
point of the amplifier varies as a function of the output 
impedance match and therefore the drive level. Effi- 
ciency is maintained over a range of drive levels to the 
5 accuracy of the sequential contributions of compo- 
nents in the open loop system. However, it is a disad- 
vantage that the gain and linearity vary with input 
signal level. 

It is an objective of the present invention to pro- 
10 vide a solid state power amplifier that operates at a 
substantially constant efficiency over a wide range of 
input and output power levels. Another objective of 
the invention is the provision of a solid state power 
amplifier that maintains constant gain and linearity in 
15 addition to constant efficiency over a range of input 
and output signal levels. Yet another objective of the 
present invention is to provide a solid state power 
amplifier that has a dynamically adjusted and selec- 
ted operating point 

20 

SUMMARY OF THE INVENTION 

In accordance with these and other features and 
objectives of the invention, there is provided a solid 

25 state power amplifier incorporating two detectors to 
measure the power gain thereof and dynamically 
adjust the DC bias applied to the amplifier to maintain 
a constant operating point resulting in constant gain, 
linearity and efficiency for a range of output power 

30 variations. By incorporating the measurement of 
power gain in a closed loop that automatically adjusts 
the DC bias voltages, it becomes possible to simul- 
taneously maintain constant gain and linearity in addi- 
tion to constant efficiency over a range of input signal 

35 levels. Another embodiment of the invention uses a 
feedback signal from a comparator / integrator to 
drive a viable attenuator at the amplifier input, in com- 
bination with varying the power supply voltages. This 
additional attenuator allows the solid state power 

40 amplifier's saturated operating point to be dynami- 
cally adjusted and selected while at the same rime a 
closed loop automatically maintains this selected 
operating point over a range of RF signal levels. 
An exemplary embodiment of the circuit com- 

45 prises two power detectors, a comparator/integrator, 
multiple stages of solid state power amplification, and 
a switching type power supply capable of a continu- 
ously variable range of output voltages changing as a 
function of an input control voltage. RF power is 

so sampled and measured at the input and output of the 
solid state power amplifier using matched power 
detectors. Outputs from the detectors are compared 
and the difference signal integrated, resulting in a sig- 
nal applied to the power supply control line. The 

55 power supply output voltage is applied to the solid 
state power amplification stages. When the control 
loop is closed, the supply voltage varies to maintain 
a constant operating point, resulting in constant gain, 
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efficiency, and linearity for the overall solid state 
power amplifier despite variations in the input or out- 
put levels. Since the system is closed loop, the accu- 
racy of the gain tracking depends only on the stability 
of the power detectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the pre- 
sent invention may be more readily understood with 
reference to the following detailed description taken in 
conjunction with the accompanying drawings, whe- 
rein like reference numerals designate like structural 
elements, and in which: 

FIG. 1 is a schematic diagram of an exemplary 
embodiment of a simplified solid state power 
amplifier circuit constructed in accordance with 
the principles of the present invention; 
FIG.2 is a schematic diagram of a second embo- 
diment of a solid state power amplifier circuit 
showing a plurality of matched power amplifiers; 
and 

FIG.3 is a schematic drawing of a hybrid matrix 
power amplifier system suitable for use in a com- 
munications satellite and showing a plurality of 
solid state power amplifiers disposed between a 
pair of hybrid matrices. 

DETAILED DESCRIPTION 

Referring now to the drawings, FIG. 1 shows a 
schematic diagram of a simplified solid state power 
amplifier circuit 10 constructed in accordance with the 
principles of the present invention. The circuit 10com- 
prises an amplifier 1 1 which may be a bipolar transis- 
tor or a field effect transistor, such as a type FLM 
1415-20 semiconductor device for example. The 
amplifier 1 1 is typically a microwave device and in this 
example operating in the range of 1530 to 1559 MHz. 
The operating point of the amplifier 11 is established 
or selected such that it operates as close to compres- 
sion as possible while still maintaining acceptable 
linaerity. The operating voltages and currents, includ- 
ing the DC bias, are applied to the amplifier 11 at a 
power supply terminal 12. As will be explained 
hereinafter, the operating point of the amplifier 11 is 
maintained constant by dynamically varying the vol- 
tages applied thereto in response to signals obtained 
from detectors located before and after the amplifier 
1 1. The amplifier 11 has an input terminal 13 and an 
output terminal 14. An RF input signal is applied to the 
input terminal 13, and an amplified RF output signal 
appears at the output terminal 14. 

The power gain of the amplifier 1 1 is measured by 
sampling and comparing the RF input signal power 
and the RF output signal power. To this end, a first 
sampling device 15 is coupled to the RF input signal, 
and a second sampling device 16 is coupled to the RF 


output signal. The RF coupling or sampling devices 
15, 16 may comprise directional couplers, Tee junc- 
tions, or other suitable couplers that sample the RF 
energy. The output of the first sampling device 15 is 

5 connected to a first power detector 20, while the out- 
put of the second sampling device 16 is connected to 
a second power detector 30. The two power detectors 
20, 30 are matched square law detectors. The output 
of the power detectors 20, 30 is applied to differential 

10 inputs of a DC operational amplifier 31. The oper- 
ational amplifier 31 has a capacitor 32 connected from 
the output to one of the differential inputs and the 
resulting circuit arrangement serves as a com- 
parator/integrator 34. The output of the com- 

15 parator / integrator 34 is connected to a sense input 
35 on a switching type power supply 36. The power 
supply 36 has an output terminal 37 connected to the 
power supply terminal 12 of the amplifier 11, and has 
an input terminal 38 connected to a DC input. 

20 Thus, a closed loop circuit is provided that incor- 

porates two detectors 20, 30 to measure the power 
gain of the amplifier 1 1 and dynamically adjust the DC 
bias applied to the amplifier 11. Essentially constant 
efficiency can be maintained over a range of output 

25 powers by varying the DC voltages applied to the solid 
state amplifier 1 1 . By incorporating the measurement 
of power gain in a closed loop that adjusts these vol- 
tages, it becomes possible to maintain a fixed operat- 
ing point resulting in the simultaneous maintenance of 

30 constant gain, efficiency, and linearity over a range of 
input and output signal levels. 

In operation, the circuit functions as a closed 
feedback loop comprising two power detectors,20, 
30, a comparator / integrator 34, a semiconductor 

35 amplifier 11, and a switching type power supply 36. 
RF power is sampled and measured at the input and 
output of the amplifier 11 using the matched power 
detectors 20, 30. Outputs from the detectors 20, 30 
are compared and faltered and the resulting differ- 

40 ence signal applied to the power supply sense input 
35. The power supply output voltage is applied to the 
amplifier 1 1 . When the control loop is closed, the sup- 
ply voltage vies to maintain a constant operating point 
resulting in constant gain, efficiency, and linearity for 
45 the solid state power amplifier circuit 10. Since the 
system is closed loop, the accuracy of the gain track- 
ing depends only on the stability of the power detec- 
tors 20, 30. 

FIG. 2 is a schematic diagram of another embo- 
so diment of a solid state power amplifier circuit 40 con- 
structed in accordance with the principles of ine 
present invenrion. This embodiment of a solid state 
power amplifier circuit 40 is provided with an input 
amplifier 41 having an input terminal and an output 
55 terminal. An RF input signal is applied to the input ter- 
minal of the input amplifier 41 . The input amplifier 41 
has an output terminal connected through a PIN diode 
attenuator circuit 42 and a first isolator 43 to an input 
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terminal of a pre-driver amplifier 44. The pre-driver 
amplifier has an output connected to an input terminal 
of a driver amplifier 45. The driver amplifier 45 has an 
output connected through a second isolator 46 to an 
input terminal 47 of a power amplifier 48 which has an 5 
output terminal 50. The power amplifier 48 provides 
an amplified RF output by way of a third isolator 51 . 
The RF signal appearing at the output of the third iso- 
lator 51 is the RF output signal of the solid state power 
amplifier circuit 40. 10 

An input sampling device 54, which may be a 
directional coupler or the like, is provided to sample 
the RF input power at the input terminal of the input 
amplifier 41, which is also the input terminal of the 
solid state power amplifier circuit 40. Similarly, an out- 15 
put sampling device 55, which may also be a direc- 
tional coupler or the like, is provided to sample the RF 
output power at the output terminal 50 of the power 
amplifier 48 which is also the output terminal of the 
solid state power amplifier circuit 40. 20 

The output of the input sampling device 54 is con- 
nected to a first power detector 60, while the output of 
the output sampling device 55 is connected to a sec- 
ond power detector 61 . The first and second power 
detectors 60, 61 are matched square law detectors. 25 
The outputs of the power detectors 60,61 are applied 
to differential inputs of a DC operational amplifier 62. 
The output of the operational amplifier 62 is connec- 
ted to a sense input 63 on a switching type power sup- 
ply 64. The power supply 64 has output terminals 65 30 
connected to the power amplifier 48, and has an input 
terminal 66 connected to a DC input. 

The PIN diode attenuator circuit 42 has two con- 
trol inputs 70, 71 . The first control input 70 permits set- 
ting the RF attenuation of the attenuator circuit 42. 35 
The second control input 71 is connected to the output 
of the DC operational amplifier 62. The feedback sig- 
nal from the operational amplifier 62 may be 
employed to drive the PIN diode attenuator circuit 42 
at the input of the solid state power amplifier circuit 40 40 
either separately or in combination with varying the 
voltages from the power supply 64. This additional 
attenuator circuit 42 allows the saturated operating 
point of the solid state power amplifier 48 to be 
dynamically adjusted and selected while at the same 45 
time a closed loop automatically maintains this selec- 
ted operating point over a range of RF signal levels. 

The PIN diode attenuator circuit 42 also is used 
to protect the power amplifier 48 from being overdri- 
ven. The PIN diode attenuator circuit 42 senses the 50 
gate current of the semiconductor devices used in the 
power amplifier 48. A signal representing a predeter- 
mined set point is applied to the first control input 70. 
When the gate current exceeds the predetermined set 
point, thus indicating overdrive, a control voltage is ap 55 
plied to the second control input 71 of the PIN diode 
attenuator circuit 42 to keep the signals that are 
applied to the driver amplifier 45 and the power 
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amplifier 48 at safe levels. The PIN diode attenuator 
circuit 42 is also used in conjunction with a simple gain 
control circuit to maintain constant gain for the entire 
solid state power amplifier circuit 40. 

As shown in FIG. 2, the solid state power amplifier 
circuit 40 comprises single-ended low power 
amplifiers 41, 44 cascaded in series, followed by a 
medium power driver amplifier 45 driving the power 
amplifier 48. The input amplifier 41 may comprise any 
suitable low power semiconductor device, while the 
pre-driver amplifier 44 may be a type FLL171ME 
semiconductor device, or the like. The driver amplifier 
45 may comprise a medium power semiconductor 
device such as a type FLL100MK device, or the like. 
The first second, and third isolators 43, 46, 51 dis- 
posed before and after the driver amplifier 45 and the 
power amplifier 48 isolate the driver amplifier 45 from 
the power amplifier 48 and protect the power amplifier 
48 from reflected signals. The isolators 43, 46, 51 may 
comprise ferrite circulators, or the like, in which any 
reflected signals entering the output port are dissi- 
pated in a resistive termination. The driver amplifier 
45 is well isolated from the following power amplifier 
48 with typically a greater than 30 dB return loss. 

The power amplifier 48 comprises four semicon- 
ductor devices 72, 73, 74, 75 connected in parallel to 
obtain the required power output. The type FLM 1415- 
20 device, or the like, may be used for the power 
amplifier 48. The semiconductor devices 72, 73, 74, 
75 are connected in pairs. The first pair of semicon- 
ductor devices 72, 73 have input terminals connected 
to a first hybrid junction 76, and output terminals con- 
nected to a second hybrid junction 77. Similarly, the 
second pair of semiconductor devices 74,75 have 
input terminals connected to a third hybrid junction 78, 
and output terminals connected to a fourth hybrid 
junction 80. The first and third hybrid junctions 76, 78 
are connected together by a fifth hybrid junction 81 
coupled to the input terminal 47 of the power amplifier 
48. Similarly, the second and fourth hybrid junctions 
77, 80 are connected together by a sixth hybrid junc- 
tion 82 coupled to the output terminal 50 of the power 
amplifier 48. 

These hybrid junctions 76, 77, 78, 80, 81 , 82 are 
devices similar to a Magic Tee. For certain appli- 
cations such as on satellites, they may be constructed 
as squareax couplers and coaxial isolators. These 
squareax hybrid couplers have less than 0.05 dB of 
insertion loss per path. Combined losses due to 
phase and amplitude imbalance in the couplers are 
less than 0.01 dB. Thus, for a pair of hybrid couplers, 
signal power at the null port is at least 35 dB below the 
power at the sum port across the band. SimQariy, in 
the power amplifier 48, the FLM 1415-20 devices are 
matched to have equal saturated output power levels, 
thereby limiting the overall combining losses to less 
than 0.1 dB per hybrid pass. 

The closed loop comprising the input sampling 
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device 54, output sampling device 55, detectors 
60,61, operational amplifier 62, power supply 64 and 
power amplifier 48, plus the PIN diode attenuator cir- 
cuit 42 is sometimes referred to herein as a dynamic 
control circuit because it dynamically maintains the 
operating point of the power amplifier 48 in response 
to changing signal conditions. 

In accordance with the principles of the invention, 
the dynamic control circuit samples signal level at the 
input and output of the solid state power amplifier cir- 
cuit 40 through sampling devices 54, 55 such as direc- 
tional couplers and associated power detectors 60, 

61. The dynamic control circuit of the present inven- 
tion uses matched square law detectors 60, 61 to pro- 
vide differential inputs to the DC operational amplifier 

62. The operational amplifier 62 in turn controls drain 
voltages to dynamically maintain the saturated 
operating point of the semiconductor devices 72, 73, 
74, 75 in the power amplifier 48. 

Initially, the dynamic control circuit receives an 
Input voltage propoortional to total input signal power. 
This voltage is used to set the first control input 70 of 
the PIN diode attenuator circuit 42 to correspond to 
the system operating point. For a given operating 
point, the dynamic gain control circuit then maintains 
a constant overall gain for the solid state power 
amplifier circuit 40 by varying the drain voltages of the 
semiconductor devices 72, 73, 74, 75 in the power 
amplifier 48. 

The power supply 64 of the solid state power 
amplifier circuit 40 is a highly efficient switching type 
power supply 64 that converts the DC power applied 
to the DC input terminal 66 to the various positive and 
negative voltages required to operate the RF devices. 
In addition, the power supply 64 accepts a control volt- 
age at the sense input 63 and adjusts RF device vol- 
tages to maintain a constant operating point over the 
RF input dynamic range. 

The dynamic control circuit maintains a constant 
operating point resulting in constant gain, linearity and 
efficiency over a differential (traffic mix) dynamic 
range of +2/-4 dB from a selected output power level. 
As the input signal level applied to the semiconductor 
devices 72, 73, 74, 75 increases above the average, 
the semiconductor devices 72, 73, 74, 75 are driven 
further into compression. The drain voltages of the 
semiconductor devices 72, 73, 74, 75 are increased 
to maintain constant gain. The NPR, phase shift, and 
efficiency vary slowly as the drain voltages are adjus- 
ted to compensate for a +2/-4 dB differential change 
in input level due to changes in trafic mix at a given 
system operating point 

Referring now to FIG.3 of the drawings, there is 
shown a schematic diagram of an embodiment of a 
hybrid matrix power amplifier system 90 suitable for 
use in a communications satellite, or the like. Some 
satellites such as the International Maritime Satellite 
known as INMARSAT III, for example, employ a mul- 


ti-beam phased array transmit antenna in which each 
element in the antenna array is driven by a separate 
solid state power amplifier. In such arrangements, the 
solid state power amplifiers must be matched in gain 

5 and phase. Differential variations in phase, gain, or 
linearity among the solid state amplifier set will deg- 
rade the performance of the system. Since output 
power to the elements is not uniformly distributed to 
form a particular beam, the power gain seen in the 

10 solid state power amplifiers associated with a highly 
driven beam is decreased below the gains of solid 
state power amplifiers associated with other beams 
being driven at lower power levels. This results in dec- 
reased isolation between beams. 

15 As shown in FIG.3, eight solid state power 

amplifiers 91 are embedded between first and second 
hybrid matrices 92, 93. Similarly, eight solid state 
power amplifiers 94 are embedded between third and 
fourth hybrid matrices 95, 96. The result is a hybrid 

20 matrix power amplifier 97. In the present exemplary 
embodiment, the hybrid matrices 92, 93, 95, 96 are 
adapted to switch eight input ports to eight output 
ports. In the present example, a total of 16 operating 
solid state power amplifiers 91, 94 are embedded be- 

25 tween the hybrid matrices 92, 93, 95, 96. All 16 solid 
state power amplifiers 91, 94 must remain matched in 
gain and phase at the system operating point over the 
full range of signals presented to each of the 16 solid 
state power amplifiers 91, 94. This requires mainte- 

30 nance of constant amplifier power gain about the 
nominal compressed operating point by dynamically 
varying the device voltages in accordance with the 
principles described hereinabove in connection with 
the embodiments shown in FIGS. 1 and 2. 

35 The hybrid matrix power amplifier 97 is disposed 

between a beamfonming network 98 and an antenna 
feed network 100. The beamforming network 98 has 
input ports coupled to spot beam antenna inputs and 
to global beam antenna inputs. The beamfonming net- 

40 work 98 has output ports coupled to input ports of the 
first andthird or input hybrid matrices 92, 95. The first 
hybrid matrix 92 has output ports coupled to input 
ports on the first eight solid state power amplifiers 91 . 
The first eight solid state power amplifiers 91 have 

45 output ports coupled to input ports on the second hyb- 
rid matrix 93. Similarly, the third hybrid matrix 95 has 
output ports coupled to input ports on the reining eight 
solid state power amplifiers 94. These solid state 
power amplifiers 94 have output ports coupled to input 
so ports on the fourth hybrid matrix 96. The second and 
fourth or output hybrid matrices 93, 96 have output 
ports coupled to the antenna feed network 100 which 
drives individual antenna elements 101 of an L-band 
transmit antenna 102. 
55 Placing the hybrid matrix power amplifier 97 be- 

tween the beamfonming network 98 and the antenna 
feed network 100 allows complete and continuous 
sharing of the total available RF power among the L- 
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band antenna elements 101 to provide both L-band 
spot beams'and L-band global beams. For a signal 
arriving at any of the input ports of the input hybrid 
matrices 92, 95, the signal is evenly distributed to all 
the 16 solid state power amplifiers 91, 94. Then, the 5 
output hybrid matrices 93, 96 refocus the signals from 
the output of the 1 6 solid state power amplifiers 91 , 94 
back to the corresponding output port. 

The solid state power amplifiers 91, 94 must be 
matched in gain and phase at the system operating 1 o 
point for this system to operate properly. In the 
INMARSAT III satellite, for example, where antenna 
feeds are shared among the antenna beams, and 
where traffic may be shifted among five spot antenna 
beams and global antenna beams, all the solid state 15 
power amplifiers 91 , 94 must remain matched in gain 
and phase over the full range of signals presented to 
each solid state power amplifier 91 ,94+2,-4 dB from 
a nominal level. Further, to maintain system linearity, 
individual amplifier linearity must also be maintained 20 
over this dynamic range. By employing the principles 
of the present invention, it is possible to realize high 
linearity and efficiency, and to maintain this perform- 
ance with constant gain, over this traffic-mix-depen- 
dent dynamic range. The present invention maintains 25 
constant amplifier gain about the nominal operating 
point by dynamically varying the device voltages. This 
maintains a constant operating point resulting in con- 
stant amplifier gain as individual amplifier inputs vary 
both in level and in composition from a single continu- 30 
ous wave signal to a large number of multicarriers 
(noise loading). The principles of the present inven- 
tion are used to maintain linearity and to provide effi- 
cient power sharing in the presence of individual 
amplifier level differences due to varying traffic pat- 35 
terns. Similarly, variations in phase, NPR, and 
amplifier efficiency are also maintained within accept- 
ably small ranges. 

Thus, there has been described a new and 
improved solid state power ampl ifier having a dynami- 40 
cally adjusted operating point The solid state power 
amplifier of the present invention operates at a sub- 
stantially constant efficiency over a wide range of out- 
put powers, and maintains constant gain and linearity 
in addition to constant efficiency over a range of input 45 
and output signal levels. 

It is to be understood that the above-described 
embodiments are merely illustrative of some of the 
many specific embodiments which represent appli- 
cations of the principles of the present invention. so 
Clearly, numerous and other varied arrangements 
can be readily devised by those skilled in the art with- 
out departing from the scope of the invention. 


Claims 

1 . A closed-loop power amplifier circuit having a RF 


input, RF output and a controlled and constant 
operating point, comprising: 

an input sampling device electrically coup- 
led to the RF input that is adapted to electrically 
sample the RF input signal power, 

an input power detector connected to the 
input sampling device which detects and meas- 
ures the electrical power intensity of the RF input 
signal; 

a solid state power amplifier connected to 
the input sampling device; 

an output sampling device electrically 
coupled to the output of the solid state power 
amplifier that is adapted to electrically sample the 
RF output signal; 

an output power detector connected to the 
output sampling device and matched in electrical 
characteristics to the input power detector; 

a comparator / integrator means coupled 
to the input and output detectors for accepting the 
outputs from both the input and output detectors 
and comparing them, for generating a difference 
signal as a measure of the gain, and for filtering 
the difference signal; and 

a power supply coupled to the com- 
parator / integrator means, which accepts the 
error difference signal from the com- 
parator/integrator means, and is adapted to sup- 
ply varying bias voltages to the solid state power 
amplifier via electrical conductors, and feed back 
control voltages to the solid state powr amplifier 
to dynamically maintain the compressed operat- 
ing point of the closed-loop amplifier such that 
constant gain, linearity and efficiency is main- 
tained for a range of input and output power vari- 
ations. 

2. The closed-loop power amplifier circuit of Claim 1 
wherein the solid state power amplifier com- 
prises: 

an input amplifier stage adapted to receive 
the RF input from the input sampling device; 

a PIN attenuator having one input connec- 
ted to the input amplifier stage and having 
another input adapted to receive operating point 
settings; 

a first isolator connected to the output of 
the PIN attenuator, in which reflected signals are 
dissipated in a resistive termination; 

a pre-driver amplifier having its input con- 
nected to the output of the first isolator; 

a driver amplifier having its input connec- 
ted to the output of the pre-driver amplifier; 

a second isolator connected to the output 
of the driver amplifier, in which reflected signals 
are dissipated in a resistive termination; and 

a solid state hybrid power amplifier stage 
connected to the second isolator, comprised of 


55 
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multiple solid state power amplifiers, wherein the 
DC bias voltages of each solid state power 
amplifier is dynamically variable and controllable; 
and 

wherein said closed-loop power amplifier 5 
circuit further comprises a third isolator connec- 
ted to the output of the output sampling device, in 
which reflected signals are dissipated in a resis- 
tive termination. 

10 

The closed-loop power amplifier circuit of Claim 2 
wherein the power supply comprises: 

a switching power supply coupled to the 
comparator / integrator means, which accepts 
the difference signal from the comparator / integ- is 
rator means, wherein the switching power supply 
is adapted to supply varying bias voltages to each 
amplifier of the solid state hybrid power amplifier 
stage via electrical conductors, feed back control 
voltages, to dynamically change the applied vol- 20 
tages to the overall closed-loop hybrid power 
amplifier circuit, such that a constant operating 
point resulting in constant gain, linearity and effi- 
ciency is maintained for a range of input and out- 
put power variations. 25 

A closed-loop hybrid power amplifier circuit hav- 
ing a RF input, RF output and an operating point, 
comprising: 

an input sampling device electrically coup- 30 
led to the RF input for electrically sampling the RF 
input signal power; 

an input power detector connected to the 
input sampling device for detecting and measuring 
the electrical power intensity of the RF input signal; 35 

an input amplifier stage for receiving the 
RF input from the input sampling device; 

a PIN attenuator having one input connec- 
ted to the input amplifier stage and having 
another input adapted to receive operating point 40 
settings; 

a first isolator connected to the output of 
the PIN attenuator; 

a pre-driver amplifier having an input con- 
nected to the output of the first isolator; 45 

a driver amplifier having an input connec- 
ted to an output of the pre-driver amplifier; 

a second isolator connected to the output 
of the driver amplifier; 

a solid state hybrid power amplifier stage so 
connected to the second isolator, comprised of 
multiple solid state power amplifiers, wherein the 
DC bias voltages of each solid state power 
amplifier is dynamically variable and controllable; 

an output sampling device electrically 55 
coupled to the output of the solid state power 
amplifier stage for electrically sampling the RF 
output signal; 


an output power detector connected to the 
output sampling device and matched in electrical 
characteristics to the input power detector; 

a third isolator connected to the output 
sampling device; 

comparator / integrator means coupled to 
the input and output detectors for accepting the 
outputs from the input and output detectors and 
comparing them, for generating a difference sig- 
nal as a measure of the gain, and for filtering the 
difference signals; and 

a switching power supply coupled to the 
comparator / integrator means, which accepts 
the difference signal from the comparator / integ- 
rator means, for supplying varying bias voltages 
to each amplifier of the solid state hybrid power 
amplifier stage via electrical conductors, feeding 
back control voltages, and for dynamically chang- 
ing the applied voltages to the overall closed-loop 
hybrid power amplifier circuit, such that a con- 
stant operating point resulting in constant gain, 
linearity and efficiency is maintained for a range 
of input and output power variations. 

5. A hybrid matrix power amplifier system for RF 
communication satellites comprising: 

a beam forming network accepting a 
plurality of input electromagnetic wave beams 
and generating a plurality of corresponding RF 
output signals; 

an input hybrid distribution matrix adapted 
to receive the output signals from the beam form- 
ing network; 

a set of closed loop hybrid power amplifier 
circuits adapted to receive the RF signals from 
the input hybrid distribution matrix, wherein the 
DC bias voltages of each solid state power 
amplifier is under closed loop dynamic control, 
and wherein the solid state power amplifiers are 
matched in gain and phase at the system operat- 
ing point; 

an output hybrid distribution matrix adap- 
ted to receive the output signals from the closed 
loop solid state power amplifier circuits, and 
adapted to refocus the RF signals to a corre- 
sponding output; and 

an antenna feed distribution network con- 
nected to the output of the output hybrid distribu- 
tion matrix, which provides a signal distribution 
function for transmitting antennas. 

6- The hybrid matrix power amplifier system recited 
in claim 5, in which the input hybrid matrix, the set 
of closed-loop solid state power amplifier circuits, 
and the output hybrid matrix are each repeated in 
tandem, and placed in between the beam forming 
network and the antenna feed distribution net- 
work. 
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7. A solid state power amplifier with dynamically 
maintained operating point comprising: 

a solid state amplifier having an operating 
point that varies as a function of applied DC and 
RF bias and having RF input and output termi- 5 
nals; 

a switching type power supply coupled to 
said solid state amplifier for applying DC bias 
thereto and having a sense input terminal; 

two matched square law detectors each 10 
individually coupled to the RF input and output 
terminals of said solid state amplifier; and 

a comparator / integrator having two diffe- 
rential inputs each individually to the output of 
one of said detectors and having an output coup- 15 
led to the sense input terminal of said switching 
type power supply; 

whereby the power gain of the solid state 
amplifier is continually measured and used to 
dynamically adjust the DC bias applied to the 20 
solid state amplifier so as to maintain constant 
gain, linearity and efficiency for a range of output 
power variations. 

8. A dynamic control circuit for automatically adjust- 25 
ing the operating point of a solid state power 
amplifier comprising: 

a solid state power amplifier having RF 
devices for amplifying RF signals in the region of 
1500 MHz, said power amplifier having an input 30 
and an output; 

means for sampling and measuring RF 
power at the input and output of said power 
amplifier comprising a pair of directional couplers 
and a pair of matched square law detectors; 35 

a DC operational amplifier having differential 
inputs each individually coupled to the output of 
said detectors for comparing and filtering the out- 
puts thereof to produce a resulting difference sig- 
nal; and 40 

a switching type power supply for convert- 
ing a DC input voltage to a plurality of positive and 
negative supply voltages supplied to the RF 
devices in the solid state power amplifier, said 
power supply having a control input coupled to 45 
the difference signal produced by said oper- 
ational amplifier; 

whereby the supply voltages are varied in 
accordance with the power gain of the power 
amplifier to maintain constant gain, efficiency, so 
and linearity therefor such that a constant com- 
pressed operating point is maintained along with 
acceptable linearity. 
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@ Solid state power amplifier with dynamically adjusted operating point 

(57) RF power is sampled and measured at the 
input and output of a solid state power amplifier 
using directional couplers (54,55) and matched 
square law detectors (60,61). Outputs from the 
detectors are applied to differential inputs of a 
DC operational amplifier (62). Outputs from the 
detectors are compared and filtered in the oper- 
ational amplifier and the resulting difference 
signal is applied to a control input on a switch- 
ing type power supply (64). The power supply 
converts a DC input voltage to the various 
positive and negative voltages required to oper- 
ate the RF devices (72-75) in the solid state 
power amplifier. When the control loop is 
closed, the supply voltage varies to maintain a 
constant operating point resulting in constant 
gain, efficiency, and linearity for the overall 
solid state power amplifier despite variations in 
signal levels and signal composition. In another 
embodiment, the solid state power amplifier has 
a series of single-ended low power amplifiers 
terminating in an output high power module. In 
the output module, one medium power device 
acts as a driver stage (45) for four high power 
devices (72-75) connected in parallel. The out- 
put stages are hybrid coupled, and isolators 
before and after these hybrid coupled output 
stages isolate the driver from the final amplifiers 
and protect the output devices from reflected 
signals. A dynamically controlled PIN diode 
variable attenuator (42) at the amplifier input 
allows the operating point of the amplifier to be 
selected and adjusted while the closed loop 
function is in operation. A hybrid matrix power 
amplifier system is also disclosed. 
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